A microwave irradiated palladium-catalyzed reaction of carboxylic acids and crotyl type bromides creates series of esters in good to high yields. This facile ester synthesis then is applied to make esters from arachidonic acid, salicylic acid, folic acid, and aspirin efficiently.
Introduction
Esters are common chemicals with extensive applications in medicine, biology, chemistry, and material sciences [1] - [7] . Esters used not only as solvents but also are in perfumes, essential oils, agriculture and food flavorings, antioxidant, plastics, detergents, and for many other purposes. Isoamyl acetate (odor of banana), ethyl butanoate (odor of mango), methyl 2-methylbutanoate (odor of pineapple), vitamin C, cocaine, etc., are some common interesting examples occurring in the nature. The enormous use of transition metal complexes to activate organic molecules makes them viable visions for developing catalytic processes with high selectivity and atom economy. This work focusses to find a facile way of making esters by microwave irradiated cross-coupling reaction of carboxylic acids, allyl type halides, in the presence of palladium-catalyst (Scheme 1) and apply that effective cross coupling method to synthesize arachidonic acid esters, and folic acid esters, etc. Scheme 1. Propionic acid ester from Propionic acid and alkyl halides.
various organic transformations involving potassium organotrifluoroborates [8] [9] [10] [11] [12] . The higher cone angle of P-Pd-P in PdCl 2 (d t bpf) may be improve its effectiveness as a catalyst. In order to see further application of this palladium complex, we thought to explore cross coupling reactions of carboxylic acids with 3-Bromo-1-phenyl-1-propene 2a and 1-bromo-2-butene 2b. We began our study with 3-bromo-1-phenyl-propene 2a and various carboxylic acids as substrates with the load of 3 mole % PdCl 2 (d t bpf). The reactions worked well when microwaved for 30 min. We turned our attention to optimization the reaction conditions and found 0.5 mole % catalyst works quite good with 3 h reaction time.
The results with 3-bromo-1-phenyl-1-propene 2a summarize in Figure 1 . In case of cinnamic acid best result obtained with 3 mole % PdCl 2 (d t bpf) (Entry 10, Figure 1 ).
We also unzipped the cross coupling of carboxylic acids with 3-bromo-2-butene It is a further object of the investigation to see the application of these methods and make the esters from arachidonic acid, folic acid, salicylic acids, etc. In fact, arachidonic acid, folic acid, salicylic acid, all form the corresponding esters when treated with halides 2a and 2b. Examples such as 4a, 4b, 4c, and 4d present in Scheme 2.
Our goal is to examine the significant biological effect of these new esters and report in due courses. Arachidonic and folic acid esters are useful biologically active compounds [13] 
Procedure
The synthesis of ester 3a from propionic acid 1a and 3-bromo-1-phenyl-1propene 
Figure 2

